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Air pollution and total mortality
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Table 3. Estimated Hazard Ratios for the Time to the First Cardiovascular Event or Death Associated with an Exposure
Increase of 10 g per Cubic Meter in the Level of Fine Particulate Matter (PM,,).*

No. of

QOutcome Events

First cardiovascular event T 24%
Any cardiovascular event} 1816
Coronary heart disease;; 1268
Cerebrovascular disease| 600
Myocardial infarction 584
Coronary revascularization 049
Stroke 554

Death from cardiovascular cause T 7 6%
Any death from cardiovascular cause 261

Coronary heart disease

Definite diagnosis 80
Possible diagnosis 59
Cerebrovascular disease 12

Overall

124 (108-14))
2L(L0+142)
135 (L0S-163)
106 (0.85-1.34)
120 (L00-143)
128 (L02-16))

176 (L25-247)
221 (L1416

1.26 (0.6-2.56)
183 (L11-3.00)

Hazard Ratio (95% CI)

Between Cities

115 (098-132)
113 (0.95-135)
120 (094-154)
097 (075-125)
114 (0.93-139)
112 (087-145)

163 (L10-2.40)
222 (L06-462)

120 (0.54-263)
158 (0.90-L78)

Within Cities

164 (L24-218)
156 (L11-219)
208 (1.18-3.40)
152 (091-25))
145 (0.98-216)
208 (L5-3.48)

228 (L10-475)

217 (060-7.89)

157 (029-851)
293 (L03-8.38)

Miller et al, NEJM 2007; 356: 447
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Multi-Ethnic Study of Atherosclerosis
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How to Study Health Effects Induced by Air Pollutants?

Associations Causality Mechanisms



Mechanistic Models for the
involvement of ROS and Inflammation
Air Pollutants
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Assessment of ROS

» Direct: O2-, OH -

» Indirect: Colorimetric assays (e.g. NBT), use of probes
(e.g. DCF, HE)

» Oxidative products
- Lipids: MDA/TBARS, lipid hydroperoxides,
F2-1soprostanes, HETEs, HODEs
- Proteins: carbonyls
- DNA: 8-0x0dG, 8-o0xoGua, M1dG
» (Gene expression:
- Prooxidant genes: NADPH oxidase
- Antioxidant genes: Nrf2, HO-1, SOD, etc.
determined by qPCR, WBs, IH.



Assessment of Inflammation

» Histology

- Lung infiltration by inflammatory cells: degree,
type of cells, localization

- BALF total cell count/cell differential

- Vascular infiltration of inflammatory cells,
atherosclerosis

» Chemistry/Biochemistry
- Inflammatory mediators: TNF-o, MCP-1, IL-6,
IL-8, CAMs (VCAM-1, ICAM-1) ...
- BALF total protein/albumin, LDH

» Gene expression of inflammatory mediators and
signaling pathways by qPCR, WBs or IH.



Epithelial cells
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Relative Fluorescence Units
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Relative Fluorescence Units

Endothelial cells

—e— DCF only ¥
40+ ——DEP 5 pg/ml 012 1 p001 = :;::D:(?c?f?
—=— DEP 10 pg/ml _ *P<0.01 20.0 - i]
o —=— DEP 20 pg/ml B e
—— DEP 40 pg/ml S 0.08 - 5 150 1
20+ -g 0.06 - 2 10.0 - e
5 S
2 0.04 - h=
10- @ L 50
.§ 0.02 -
o
0 Y 0.0 H
15 30 45 60 = 0.0 ‘
. . C UFP1 UFP2 HO-1
Incubation time (minutes)
6.0 - MCP-1
DEP 10 pg/ml|
S 4.0
o
c
o
o
S 2.0
=
o
[ 1
‘ 0.0 -
g C UFP1 UFP2

v y R

Yin et al, JIBMT 2013; 27: 172 Li et al, PFT 2010; 7: 6




PM Exposure, ROS and Inflammation In-Vivo
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UFP Induce Pulmonary and Systemic Oxidative Stress
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PM causes endothelial dysfunction
and systemic Vasclr inflammation
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Assessment of Atherosclerosis
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PM,, enhances atherosclerosis in rabbits
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PM, ; Promotes Atherosclerosis in ApoE KO
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UFP Enhance Atherosclerosis in ApoE null mice
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New Investigational Approaches




Lipid Peroxidation
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PM Enhances Lipid Peroxidation in the Blood
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PM Promotes Lipid Peroxidation in the Liver

Hepatic levels of HETEs and HODESs

Liver (ng/ml) FA DE DE+FA
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Assessment of Plasma Lipoproteins
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PM Increases the Oxidizability of
VLDL+LDL Lipoproteins
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PM Exposures lead to Prooxidative HDL
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Summary

v Inhalation of air pollutants induce a variety of health effects
resulting in increased morbidity and mortality.

v" Health effects are diverse and affect many organs and
systems.

v" Both gaseous and particulate constituents are toxic.

v Most of the mortality is due to cardiovascular and
cerebrovascular diseases.

v" There is need to discover/develop novel biomarkers of
exposures and biomarkers of health effects.



Effects of
Common Air Pollutants

CARDIOVASCULAR EFFECTS

Symptoms: Symptoms:
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& Reduce your risk by using the Air Quality Index (AQI) to plan outdoor activities — www.airmow.gov

AQI Levels of Health Concarn What Action Should People Take?
Good 0-50 Enjoy Acthities
People unusually sensitive to air polkstion:
Moderate 51-18 Plan strenucaus outsids activities whan ar quality b better

Sensitive Groups: Qut back or reschadule strenuows outside activities
Partide Polution: Fecple with haart or bung dsesse Iinduding disbetia), clder aduls, ard children
101-150 Omonac Azva children and achaks and pece law th bung deeise
Sudbhr Otouidec Aziw children ard sdduw el snhra
Carbeon Monsside: Pecp s wth hesrt dsesn 8nd pearb ly fevms and riseu

Bwveryona: Cut back or raschedule stranuous outsids actiitias

151-200 Sensitive groups: Avold stranuous cutside activitics

Everyone: Sign Hicantly cut back on cutside physical activities  SEPHA =51
201-300 Sensitive groups Avold all outsids physical activities gy




Lipid Peroxidation and Biomarkers
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Alr Pollution and Atherosclerosis
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Perspectives
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* Pathophysiology

* Mechanistics

* Pathways

* Genetic susceptibility
* Toxicity

* Metrics
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